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SUMMARY 

A  one-  sum  scale  model  test  program  was  conducted  in  the  Boeing- Wichita  Acoustic  Arena  with  the  purpose 
of  improving  the  previously  developed  Coanda  exhaust  suppressor  system  py  reducing  the  sue  and  coat 
without  reducing  -*xse  suppression  capability  This  improved  exhaust  suppressor  system  would  then  pe 
placed  behind  a  test  stand  enclosure  to  form  a  complete  demountable  teat  cell  system  The  reduction  m  sue 
of  the  exhaust  suppressor  system  was  accomplished  by  (1)  moving  the  secondary  air  inlets  from  the  side  to 
above  the  elector  Coanda  which  greatty  reduced  the  width  and  (2)  Py  reduang  the  Coanda  surface  length 
from  a  90*  turn  to  65*  which  shonens  the  Coanda  height  and  allows  a  shorter  stack  weight  while  maintaining 
the  required  length  ot  acoustically  treated  exhaust  stack 

Row  dynamics  and  acoustic  testing  were  accompkshed  with  several  exhaust  muffler  (stack)  configurations 
nciudmg  short  versions  with  single  and  dual  acoustic  splitters  and  acoustic  wedges  at  the  back  wan  and  a  tall 
stack  without  sputters  or  wedges  These  tests  were  run  usmg  a  nozzle  flow  that  reproduced  (as  near  as 
possible )  the  afterburning  flow  conditions  ( T |e<  -  3170*F  Pt  P»  -  1  9*3)  tor  the  TF30-PW-412A  engine  The 
model  nozzle  diameter  was  one-sixth  that  of  the  full  scale  engine  nozzle  throat  at  full  afterburning 

The  results  of  these  tests  mckcated  that  the  exhaust  stack  configurations  with  acoustic  baffles  i spatters)  m  the 
flow  should  not  be  used  m  production  with  the  current  Coanda  configuration  This  was  concluded  because  of 
local  hot  areas  on  these  spktters  with  measured  temperatures  as  high  as  t370*F  The  dual  wedge 
configuration  ckd  not  demonstrate  any  such  temperature  problem,  however  the  improvement  n  acoustic 
attenuation  was  not  significant  enough  to  allow  a  reduction  m  stack  height  to  the  30-foot  fun  scale  height 
simulated  it  is  possible  that  configurations  with  acoustic  spatters  could  be  used  if  the  mixing  in  the  etectors 
and  Coanda  turning  were  increased  to  tower  the  temperature  of  how  into  the  stack  It  may  be  possible  to  do 
this  with  the  development  of  a  wider  erector  Coanda  system 

The  recommended  configuration  from  the  results  of  these  tests  was  a  AO-'oot  stack  height  with  no  spktters  or 
wedges  m  the  stack  the  65-degree  Coanda  surface  and  three-etecto<  transition  with  an  enclosure  that  places 
the  secondary  air  ntakes  above  the  Coanda  ejector  set 
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PREFACE 

The  development  o f  the  Navy  Coanda  exhaust  suppressor  system  began  m  1071  with  the  awarding  of  a 
'easipiiity  study  contract  to  Boeing- Wichita  Existing  ground  range  suppressors  for  military  afterburning 
engines  were  water-cooled  units  pumping  up  to  800  gallons  of  water  per  rnnute  into  the  exhaust  plume  to  cool 
the  3000*F  exhaust  gases  and  reduce  the  flow  velocity  This  resulted  in  excessive  maintenance  problems  due 
to  corrosion  and  a  duty,  sooty  exhaust  and  compounded  operational  and  system  complexity  with  controls, 
plumping,  pumps,  etc  The  Navy  recognized  the  Me  cycle  coat  advantages  of  an  air-cooled  system  and  that 
the  Coanda  effect  may  oe  the  key  to  development  of  an  operationally  successful  afterburning  *et  deflector 
smee  it  requires  no  components  of  the  suppressor  m  the  exhaust  flow 

The  success  of  the  original  feasibility  study  resorted  in  follow-on  development  work  by  Boeing- Wichita  lor  the 
Navy,  culminating  m  a  full-scale  Coanda  exhaust  suppressor  demonstration  unit  that  was  successfully 
demonstrated  m  late  1975. 

Since  that  successful  full-scale  demonstration  of  a  demountable  suppressor,  the  Navy  has  awarded 
Boemg-Wichita  a  contract  to  develop  specific  adaptations  of  the  Coanda  suppressor  for  improved 
demountable  configurations,  retrofit  of  existing  class  C  test  cells  and  hush-house"  (aircraft  enclosed)  type 
ground  runup  suppressors  This  document  reports  the  results  of  the  analysis  and  tests  performed  to  improve 
the  demountable  test  cell  configuration  by  reducing  size  and  ooet 
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t.  INTRODUCTION 

•n  1971  Bowng-Wtctirta  was  awarded  a  competitive  Navy  contract  (N00156-72-C-1053)  to  study  the 
feasibility  ot  utilizing  me  Coanda  effect  as  an  afterburning  |et  exhaust  deflector  m  an  air-cooled  ground  runup 
noise  suppressor  Most  U  S  military  ground  runup  suppressors  existing  at  that  time  were  water-cooled, 
utjtumg  up  to  800  gallons  of  water  per  minute  to  cool  the  higher  man  3000*F  afterburning  exhaust  plume  Thts 
resulted  m  corrosion  problems,  a  dirty,  sooty  exhaust  ana  compounded  operational  and  system  complexity 
with  controls,  pmmbmg.  pumps,  diffusers  and  water  supply  Military  suppressor  users  preferred  an  air-cooled 
system  but  none  had  been  developed  mat  were  operationally  successful 

The  t97t  Navy  contract  was  the  first  of  four  Navy  Coanda  noise  suppressor  contracts  awarded  to 
Boemg.  Wichita  The  analysis  and  model  tests  accomplished  under  that  contract  (reported  in  Reference  (a)) 
proved  the  feasibility  of  using  the  Coanda  effect  for  jet  deflection  and  illustrated  the  advantageous  noise 
directivity  change  due  to  refraction  The  second  contract  (NOOt  56-73-C- 1 794  awarded  in  1 973)  made  use  of 
scale  model  testing  to  develop  a  configuration  suitable  lor  full-scale  demonstration  The  results  of  that 
contract  were  reported  m  Reference  (b)  In  1974  the  third  Navy  contract  (N00156-74-C-1710)  was  awarded 
under  which  a  full- scale  Coanda  suppressor  demonstration  unit  was  built  and  successfully  demonstrated 
The  full-scale  test  program  was  reported  m  Reference  (c).  Additional  model  scale  testing  included  m  Thai 
program  was  reported  m  Reference  (d) 

The  fourth  Navy  contract,  under  which  the  worn  described  m  mis  report  was  accomplished,  was  swarded  m 
1976  This  contract  (N00140-76-C-1229)  had  the  following  multiple  task  oOtectrvea 

•  Jet  Engine  Demountable  Test  Cell  Phase  -  improve  the  demountable  test  cell  configuration  by 
increasing  exhaust  muffler  noise  suppression  to  allow  a  reduction  m  exhaust  system  size  and  coat 

•  Jet  Engme  Class  C  Test  Call  Exhaust  System  Phase  -  Develop  a  configuration  tor  retrofit  of 
existing  C"  test  cells  to  the  Coanda  air-cooled  exhaust  suppressor  system 

•  Aircraft  Husn-House  Exhaust  System  Phase  -  Develop  a  means  of  adapting  the  Coanda 
aw -cooled  exhaust  suppressor  system  to  a  hush-house  application 

•  Coanda  Exhaust  Suppressor  System  Design  Handbook  -  Develop  the  necessary  procedures 
and  parametric  data  necessary  to  provide  a  comprehensive  outline  of  the  method  used  to  make  a 

first  cut  design  of  a  Coanda  exhaust  suppressor  system  with  a  given  set  of  exhaust  conditions 

Each  of  these  tasks  is  reported  >n  separate  final  reports  The  task  results  reported  *t  this  document  are  tor  the 
Jet  Engine  Demountable  Test  Cell  Phase 

References 

a  Ballard  R  E  Brees.  D  W  and  Sawdy.  D  T  .  Feasibility  and  Initial  Model  Studies  of  a 
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c.  Test  Cell  Experimental  Program  Coanda  Refraction  Noise  Suppression  Concept  -  Advanced 
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Th«  primary  oOtectrve  of  this  tasfc  was  to  streamline  the  operational  configuration  of  the  existing  tu It -scale 
demonstration  unit  by  reducing  the  overall  suppressor  sue  while  man  lam  mg  or  improving  its  noise 
suppression  capabilities  This  was  to  be  accomplished  with  analytic  stuck#*  and  one- sixth  scale  model  tests 
The  pnnapal  configuration  changes  attempted  were 

•  Reduction  of  Coanda  surface  turning  angle  from  90*  to  65*  thus  allowing  a  shorter  stack  height 

•  Reduction  of  the  Coanda  enclosure  sue 

•  Movement  of  the  secondary  air  inlets  from  the  SKles  to  the  top  of  the  endoeure  This  allows  a  large 
reduction  n  suppressor  width 

•  Several  exhaust  muffler  configurations  such  as  single  and  dual  acoustic  splitters  snd  acoustic 
wedges  at  the  back  wall  of  the  enclosure 

This  work  will  ft nalue  the  recommended  design  for  a  production  version  of  the  recently  developed  Coanda 
exhaust  suppressor  system  lor  demountable  test  ceil  application 
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a.  TEST  EQUIPMENT  ANO  PROCEDURES 

A.  Tmi  Equipment.  The  following  paragraphs  describe  the  test  faakty  the  d*U  acquisition  equoment 
and  the  test  model,  including  the  instrumentation  used 

1  TEST  FACILITY  The  model  testing  was  accomplished  n  me  BoemgWlchiU  Acoustic  Arena 
taaMy  shown  on  Figure  i  The  Arena  wall «  16  teef  high,  metmed  at  an  angle  of  30  degrees  to  the  vertical  and 
a  1 00  teet  in  diameter  at  the  base  The  burner  (hot  gas  generator)  a  a  two-stage  configuration  The  first  stage 
a  a  J47  let  angm*  Burner  can  and  spray  nozzles.  capable  of  reaching  gas  temperatures  at  ISOO’F  at  the 
tS-pound  per  second  maximum  airflow  rate  The  second  or  afterburning  stage  consists  of  a  central  fuel 
spray  nozzle  and  eight  radial  spray  bars  and  a  flame  holder  This  stage  is  water  lacxeted  and  can  boost  the  iet 
exhaust  temperature  to  3300'F  The  primary  airflow  source  has  300  pets  me  pressure  A  secondary  airflow 
source  is  available  with  a  60  psia  tone  pressure  with  a  maximum  how  rate  at  40  pounds  per  second  at  cold  air  to 
simulate  fan  nows  The  burner  control  instrumentation,  fuel  end  airflow  controls  are  housed  m  a  small  building 
next  lo  the  Arena  with  a  window  lor  visual  observation  at  the  model  These  controls  and  instrumentation  are 
shown  on  Figure  2 

2.  DATA  ACQUISITION  EQUIPMENT 

a.  The  data  acquartxm  instrumentation  computer  and  printer  are  housed  at  a  remote  site  end 
are  shown  on  Figure  3  A  pictonal  docs  diagram  at  the  Acoustic  Arens  data  acquisition  system  is  shown  on 
Figure  4 


b  The  Arens  data  acquisition  system  «  built  around  the  Vanan  620  l  Mini-Computer,  which  is  s 
general  purpose  ogrtai  computer  The  central  processing  unit  at  the  computer  has  a  1 2K  memory  system 
The  mput  output  system  provides  the  interface  between  the  computer  electronic  system  and  the 
weefro- mechanical  devices  that  input  data  to  the  computer  or  output  the  computed  results  The  Besnrvs  CRT 
cathode  ray  tube)  termmel  enables  control  at  (he  computer  and  the  printer  lists  the  data  The  T n-Oata  model 
4036  providee  program  loaOng  or  storage  ot  data  on  magnetic  tape  The  multiplexer  allows  aech  channel  to 
be  sampled  sequenbeFy  or  randomly,  as  required  The  A. D  convener  converts  the  analog  signal  to  s  Ogrtai 
voltage  level  A  pressure  scanner  valve  shows  ail  the  total  pressures  to  be  measured  by  the  seme  ♦  5.0  paid 
transducer  Amount  pressure  was  measured  by  s  1 5  pais  transducer  A  second  pressure  scanner  valve  end 
a  *  2.5  paid  transducer  were  used  to  measure  static  pressures  Statham  pressure  transducers  were  used 

c  T emperature  measurements  were  taken  through  lour  temparature  scanners  Thermocouples 
wars  iron-Constantan  and  Cromei-Aiumet  Pace  and  Research  incorporated  reference  functions  were  used 

d  For  both  temperatures  and  pressures  signal  processing  was  accomptshed  by  use  o*  a  B  A  F 
instruments  Inc  signal  conditioner  and  a  Dynamics  amplifier  The  conditioned  signal  was  oonnectad  to  a 
monitor  panel  which  permitted  manual  monitoring  capabifcfy  as  wed  as  cakbrabon  monrtonng 
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•  The  fuel  flow  was  measured  by  a  1  gpm  turbine-type  flow  transducer  m  the  primary  fuel  ima 
and  a  5  gpm  turbine-type  flow  tranadocar  m  the  afterburner  fuel  line  Tha  signal  was  conditionad  by  a  Cos 
signal  condrtioner  and  tha  signal  sant  to  tha  monitor  parte*  Tha  flow  ates  wara  also  displayad  on  ckgrtaJ 
vortmeters  m  tha  fast  control  room  Tha  monitor  panal  inputs  wars  paralleled  to  tha  multiplex#!  mput  panai 
whara  further  momtonng  was  poestoie  Tha  signals  than  want  into  tha  muitipiasar  tor  procaasmg 

f  Tha  acoustic  instrumentation  system  begins  with  tha  Bruei  5  Kjaar  Models  <135  and  4138 
microphone  buttons  Thaaa  are  coupled  to  General  Radio  Modal  580-P42  preamplifiers  A  microphone 
scanner  selects  tha  proper  channel  tor  input  to  (ha  autogam  amplifier  tor  signal  processing  Tha  General 
Radio  Modal  1925  Real-tuna  Analyzer  integrates  tha  signal  over  an  eight-second  tuna  interval  and  tha 
computer  inter) acee  tha  signal  to  the  computer  input  Tha  tar  held  acoustic  microphones  are  flush  mounted  in 
casks,  ss  shown  on  Figure  5.  to  obtain  ground  plana  data  that  are  tree  of  reflective  interference  Two  computer 
programs  war*  used  tor  data  acquisition  One  program  was  used  tor  portormanc#  data  and  tha  other  tor 
acoustic  data,  whan  recorded 

g  The  acoustics  program  allows  manual  selection  of  tha  microphone  data  to  bo  recorded  When 
the  data  from  each  microphone  are  anatyzed.  the  computer  signals  tha  microphone  scanner  to  advance  one 
position  Oats  are  taken  sequentially  Tha  analyzed  acoustic  data  are  pnnted  m  tabular  form  and  plots  of  SPl 
versus  frequency  >n  one-thud  octave  bands  Compilations  of  OASPL  and  PNl  convened  to  full-scale 
equivalent  dwtwicea  are  also  prowled  Examples  of  the  acoustic  data  output  format  are  iNustraled  on  Figures 
6  and  7. 


h  The  performance  program  provided  automatic  data  acquisition  Ones  me  program  was 
started,  all  parameters  were  sampled  and  the  scanners  automatically  controlled  by  the  computer  The  taw 
performance  data  ui  the  form  of  ckgrtai  voltages  were  converted  to  engineering  units  and  calculation 
performed  m  the  CPU  The  data  were  then  listed  m  tabulated  form  Typical  sample  performance  data  output 
formats  are  illustrated  on  Figures  6  and  9 

3  MOOEL  DESCRIPTION 

a  Tha  Coanda  demountable  test  cell  has  two  enclosure  sections  the  test  stand  enclosure 
octuduig  the  pnmary  a u  intaka,  and  the  etector  Coanda  enclosure,  including  me  secondary  au  intake  and 
exhaust  muffler  (stack)  Only  the  latter  enclosure  was  simulated  m  these  model  tests  A  cutaway  drawing  of 
the  complete  teat  cell  at  it  is  currently  visualized  is  shown  on  Figure  10 

b  The  erector  Coanda  enclosure  was  fabricated  m  two  sections  The  forward  section  which 
includes  the  secondary  au  intake  was  fabricated  of  wood  and  simulates  the  internal  lines  of  the  enclosure  and 
tha  secondary  au  ntaks  The  aft  section  of  the  erector  Coanda  enclosure  which  includes  the  exhaust  muffler 
(stack)  was  fabricated  of  sheet  steel  and  simulates  the  enclosure  end  stack  internal  unea  Bom  sections  are 
shown  on  Figures  1 1  and  12  with  a  short  stack  configuration 

c.  The  secondary  au  intake  baffles  were  fabricated  with  wooden  frames  an  impervious  septum 
ui  the  center  and  50  percent  open  area  perforated  steel  plate  face  sheets  on  each  side  The  acoustic  backing 
material  was  one  mcti  thick  Johns -Manvtlle  G I  as- Mat  1 200  fiberglass  Tha  baffle  leading  edges  are  rounded 
to  produce  mtet  beOmouths  The  secondary  air  intake  consists  of  1 7  flow  passages  mat  si  mutate  full-scale 
dimensions  of  4  875  inches  by  1 4  feet  (98  69  ft2)  The  baffles  are  24  inches  tong  which  simulates  1 2  feet  at  fuH 
scale  An  acoustically  treated  secondary  au  uitaka  cover  was  provided  with  an  opening  facing  forward  tor  tha 
purpose  of  isolating  the  noise  emitting  from  mis  mist  from  the  far  field  microphone  measurements  It  also 
shields  the  microphone  placed  above  the  miet  (to  measure  the  attenuation  provided  by  the  intake  baffles) 
from  noise  emitting  from  the  exhaust  stack  Figure  13  shows  the  intake  cover  installed  on  the  model 

d  Several  exhaust  stack  configurations  were  tested  as  shown  on  Figures  14  through  20  For 
each  configuration,  the  sidewaits  of  the  tower  aft  enclosure,  as  well  as  all  mner  surfaces  of  the  exhaust  stack, 
are  acoustically  treated  with  Johns -Man  villa  Gias-Mat  1200  fiberglass  backing  and  50  percent  open  area 
perforated  face  sheet 
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ACOUSTIC  RQURE  7:  EXAMPLE  Of  ACOUSTIC  SUMMARY  DATA 
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FIGURE  •:  EXAMPLE  OF  TABULATED  PRESSURE  AND  FIGURE  9:  EXAMPLE  OF  EXHAUST  VELOCITY.  INLET  AIRFLOW 

TEMPERATURE  DATA  VELOCITY  AND  AIRFLOW  OATA 
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•  Tha  single  spatter  axhaust  stack  configuration  Figure#  14  and  IS)  has  a  srngia  spotter 
attached  to  me  forward  and  aft  stack  wails  and  centered  on  the  Coanda  flow  The  splitter  is  equivalent  to  36 
inches  thick  iM  scale)  with  a  center  impervious  septum.  Johns-Manville  Gtas-Mai  ’  200  backing  material  and 
50  percent  open  area  pertorated  plate  face  sheet  A  sloping  back  waU  that  teaches  to  the  floor  has  similar 
ecousac  treatment  that  «  equivalent  to  24  inches  thick  (M  scale)  An  exhauat  stack  extension  that  « 
equivalent  to  24  feet  (fuS  scale)  was  provided  that  is  acoustically  treated  and  has  the  same  cross  sectional 
dimensions  as  the  tower  stack  outer  wans  This  stack  height  provides  a  configuration  with  the  same  l_  M  rabo 
(1  2  x  acoustically  treated  area  flow  area)  as  a  stack  with  a  total  height  o<  40  feet  and  an  interna)  width 
dimension  equal  lo  80  inches  (full  scale)  This  ts  the  same  flow  passage  width  as  the  configuration  with  the 
spatter  when  the  spatter  width  >s  excluded  Both  the  sort  stack  outer  walls  and  the  stack  extension  are 
provided  with  the  capability  of  varying  the  backing  depth  between  2  75  inches  and  4  13  inches  (model  scale) 
A*  configurations  are  provided  with  the  capability  of  hard  was  covering  the  acoustic  treatment 

f  The  dual  spatter  configuration  (Figures  16  and  17)  is  similar  to  the  single  spatter  except  that 
two  spatters  each  equivalent  to  18  mchee  (M  scale)  thick,  are  pieced  m  the  short  exhaust  stack  The  same 
acoustic  treatment  as  was  used  for  the  single  spatter  is  used,  only  has  as  thick  The  stack  walla  ara  left  tha 
same  as  with  the  single  spatter 

g  Figure  18  illustrates  the  typical  construction  of  the  exhaust  stack  spatter  with  the  perforated 
face  sheet  and  acoustic  backing  matenal  removed 

h  The  acoustic  wedges  up  the  back  was  of  the  enclosure  and  stack  shown  on  Figures  19  and 
20.  have  the  effect  of  producing  a  large  L  H  ratio  while  ramovmg  the  spatter  from  the  hottest  and  highesi 
velocity  flow  These  two  wedges  ars  equivalent  to  eight  feet  deep  (fun  scale)  and  each  has  a  base  width  that  is 
half  the  width  of  the  beck  waH  The  'ace  sheet  •  50  percent  open  area  perforated  plate  and  the  backing 
matenai  is  Johns-Menviie  Giaa-Mat  1200  The  remainder  of  the  stack  and  enclosure  wails  « left  tha  same  as 
si  previous  tests 

■  A  amenswnai  schematic  of  the  erector  set  and  Coanda  surface  used  mside  the  encfoeuree 
dsacnbsd  above  <s  shown  on  Tgi/t  21  The  erector  set  is  labncaied  of  090-eich  truck  stainless  stew*  and  the 
Coanda  of  2S-*ich  truck  mad  steal  A  support  structure  and  ground  plane  are  provided  *or  the  erectors 
Coanda  and  acoustic  enclosures  The  ground  plane  simulates  a  60- inch  (fuS  scale)  distance  below  the  engeie 
centerkne  Figure  22  shows  the  erector  set  mstased  on  the  ground  plane  and  support  structure  and  F^ure  23 
shows  the  addrtion  of  the  Coanda  surface  and  an  acoustic  bumar  cover  The  purpose  of  the  burner  cover  was 
to  isolate  any  burner  nors#  generated  from  the  microphone  locations  since  only  the  exhaust  noise  was  to  ba 
measured  fgur*  24  shows  the  interior  of  the  burner  cover  and  Figure  25  shows  the  exhaust  nozzle  erector 
and  burner  cover  end  piste  interface  The  burner  cover  end  plate  was  used  only  when  no  erector  Coanda 
enclosure  was  present  The  forward  wail  of  the  erector  Coanda  enclosure  became  the  drvider  between  the 
burner  cover  and  enclosure  whenever  an  enclosure  was  beeig  tested  (see  Figure  1 1 ) 

).  Burlap  begs  fMed  with  send  were  used  around  the  entire  tower  enclosure  as  shown  on  Figures 
26  and  27.  to  senate  the  watt  transmitted  noise  This  was  necessary  met  it  «  very  drfttcufl  to  simulate 
futt-scaie  was  transmission  characteristics  m  model  scale,  and  previous  fuH-scaia  testing  has  shown 
adaquate  wan  transmission  loss  capacity 
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FIGURE  26:  MOOEL  WITH  SHORT  EXHAUST  STACK.  WALL  TRANSMISSION  ISOLATION 
(SANDBAGS).  ANO  BURNER  ACOUSTIC  COVER 


FIGURE  27:  MOOEL  WITH  TALL  EXHAUST  STACK.  WALL  TRANSMISSION  ISOLATION 
(SANDBAGS).  BURNER  ACOUSTIC  COVER  AND  SECONDARY  AIR  INLET 
ACOUSTIC  COVER 
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4  INSTRUMENTATION 

a.  Figure  28  snows  the  relation  snip  of  the  exhaust  nozzle  to  the  electors  and  Coenda  surface 
The  location  of  the  elector  and  Coanda  surface  pressure  and  temperature  instrumentation  is  also  shown 
Each  of  the  three  electors  has  tour  static  pressure  ports  and  tour  outside  surface  temperature  thermocouples 
The  Coanda  surface  has  eight  each  of  static  pressure  ports  and  outside  surface  temperature  thermocouples 
at  approximately  1 0-degree  intervals  on  the  centerline  starting  at  the  entrance  to  the  Coanda 

b  The  exhaust  now  charactensdcs  aoove  the  center  of  the  Coanda  surface  were  measured  by 
an  exit  rake  (shown  on  Figure  29)  which  has  14  each  of  total  pressure  probes  and  total  temperature  probes 
The  probe  positions  are  incremented  based  on  a  logarithmic  scale  with  the  smallest  increment  nearest  the 
forward  waU  of  the  Coanda  This  was  required  to  measure  the  most  number  of  points  where  the  velocity 
gradient  was  largest  Figure  30  shows  the  exit  rake  installed  at  the  exhaust  stack  exit  irvacatmg  how  exhaust 
now  characteristics  were  measured  with  the  enclosure  around  the  Coanda  surface 

c.  Figures  31.  32  and  33  show  the  location  of  the  thermocouples  added  to  the  enclosure  and 
exhaust  stack  tor  the  single  splitter  dual  spurt er  and  acoustic  wedge  configuration,  respectively  These 
thermocouples  were  to  measure  the  surface  temperatures  attained  by  the  enclosure  and  exhaust  stack  oner 
waits 

d  Four  static  pressure  probes  were  located  n  the  enclosure  interior  with  two  centrally  located 
below  the  met  (one  on  each  sidewall)  and  two  centrally  located  below  the  exhaust  stack  (one  on  each 
sidewall)  The  probes  were  positioned  1 0  inches  above  ground  These  probes  determined  the  can  depression 
o  the  oiet  and  exhaust  areas  of  the  Coanda  enclosure  system 

e  The  enclosure  miet(s)  was  instrumented  to  determine  the  secondary  flow  entrainment  Each 
channel  m  the  inlet  had  a  static  pressure  port  at  the  centerkne  approximately  0  75  channel  widths  downstream 
from  the  start  of  the  constant  area  section  after  the  bellmouth  These  static  pressure  pickups  were  placed  on  a 
movable  miet  rake  as  shown  on  Figure  34 

f  The  acoustic  instrumentation  included  12  tar  field  and  3  near  field  microphones  The  far  held 
positions  were  at  15-degree  intervals  between  15  degrees  and  180  degrees  from  the  nozzle  exit  plane  at  a 
'SCkaJ  distance  of  250  6  -  41  67  feet  The  tar  field  microphone  array  was  shown  m  the  photo  on  Figure  5  The 
near  held  positions  included  two  extenor  and  one  interior  to  the  enclosure  as  shown  on  Figures  31 . 32  and  33 
«i  the  photos  on  Figures  35  and  36  Acoustic  data  recorded  was  24  one-third  octave  bands  between  31 5  Hz 
and  65  KHz  (model  scale)  which  was  converted  by  the  computer  to  full-scale  equivalents  between  50  Hz  and 
10  KHz 

g  Table  t  is  a  kst  of  the  instrumentation  used  and  the  accuracy  requirement  placed  on  that 
instrumentation 
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FIGURE  30:  EXHAUST  STACK  EXIT  PT  ANO  TT  RAKE  INSTALLATION 


SHORT  EXHAUST  STACK  MOOEL  WITH  NEAR  FIELD  IRCROPHONES  INSTALLED 


EXHA US V  STACK  MOOCL 
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TABLE  1 

INSTRUMENTATION  REQUIREMENT  LIST 


Loctttoo  snd  Mitiufimtnti 

Units 

No. 

Rsrvys 

Accuracy 

E (act of  rtatic  praaaura 

pd. 

12 

10.0  to  Amp 

±1% 

Coanda  turfaca  static  praaaura 

pala 

• 

10.0  to  Amp. 

±1% 

Endoaura  In  tat  static  praaaura 

P«M 

17 

13.0  to  Amp. 

±1% 

Fncloaura  Intartor  static  praaaura 

poM 

4 

13.0  to  Amp. 

tits 

Exit  raka  total  praaaura 

pala 

14 

Amp.  to  17.0 

±1/2% 

£j^ctoc  mid  luftict  timptritun 

f 

12 

Amp.  to  1300 

±2% 

Cocndi  fDttil  turtle#  t#nip#f  ituf # 

•P 

• 

Amp.  to  1200 

±2% 

Endoaura  intartor  stdawaM  tamparatura 

f 

3 

Amp.  to  600 

±2% 

Exhaust  stack  matal  surfaca 

•  Tall  stack  without  spllttar 

f 

17 

Amp.  to  1000 

±2% 

•  Short  stick  with  final  to4ttt#r 

f 

17 

Amp  to  1200 

±2% 

•  Short  stack  with  dual  spllttar 

f 

16 

Amp  to  1200 

±2% 

•  Short  stack  with  dual  wadgsa 

*F 

19 

Amp  to  1000 

±2% 

un  m#  TouM  T#fnp#ntur# 

f 

14 

Amp.  to  1400 

±2% 

Far  hold  microphones 

*dB 

12 

90  to  140 

it  dS 

Naar  (laid  mlcrophonaa 

*dB 

3 

70  to  160 

±1  dS 

r'  Data  ara  ra cordad  In  ona-third  octavo  SRL  <ra  0  003  dyna/cm 2) 


33 


NAEC-92-112 


TABLE  2 

ENVIRONMENTAL  AND  FLOW  CONDITIONS  REQUIRED 


a  The  target  value*  of  afterburner  nozzi#  pressure  ratio  and  exhaust  gas  total  temperature  were 
1  943and3630'R  respectively,  lor  simulation  ol  the  exhaust  o<  a  TF30-P-412A  engine  Exit  temperature  was 
set  tor  each  run  by  setting  to  a  constant  value  ol  burner  fuel  now  at  the  target  afterburner  nozzle  presaure  ratio 
This  method  o»  setting  exhaust  temperature  was  necessary  due  to  lacs  of  instrumentation  capable  ol 
measuring  the  extremely  high  exhaust  gas  temperatures  used  tor  the  test 


b  A  calculation  procedure  was  developed  to  determine  the  exhaust  gas  temperature  based  on 
the  burner  fuel  ftow  airflow  water  iscket  heat  toss  and  an  assumed  burner  efficiency  of  95  percent  A  heat 
balance  was  written  about  the  afterburner  shown  schematically  m  Figure  37  resulting  m  Equation  (1) 


Location  and  Maaaurtnanta 

Units 

No. 

Range 

Accuracy 

AmMent  pressure 

pels 

1 

13.1  -  14.2 

±1/2% 

Nozzle  exhaust  total  presaure 

pala 

1 

Amb.  to  35 

±1/2% 

Nozzle  exhauat  pressure  ratio 

- 

1 

1.2  •  2.5 

±1% 

Ambient  temperature 

F 

1 

* 

±2% 

Nozzle  exhaust  gas  tsmperature 

•F 

1 

Amb.  to'X' 

±2% 

A,  B  cooling  wafer  In  temperature 

*F 

1 

40  to  10 

±2% 

A/B  cooling  water  out  temperature 

•F 

1 

40  to  110 

±2% 

Nozzle  airflow 

lb  sec 

1 

0  to  7.5 

±1% 

Primary  burner  fuel  flow 

ib/sec 

1 

0  to  .1 

±2% 

Afterburner  fuel  flow 

lb  sec 

1 

Oto  .3 

±2% 

A/8  cooling  water  flow 

Ib/sec 

1 

9  to  12 

±2% 

Wind  speed 

mph 

1 

0  to  20 

±5% 

Wind  direction 

deg 

1 

0  to  3«0 

±ir 

Relative  humidity 

% 

1 

0  to  100 

±2% 

fA/B  I  T  "mi0 

*  1  1  T«H,0 

FIGURE  37:  ARENA  AFTERBURNER  SCHEMATIC 


Solving  Equation  (1)  tor  #*hau*l  flow  an  thalpy  (h  gy,)  raautta  m  Equation  (2) 


|R  ( Q  through  R  ,  g  are  conatanta  daftnad  m  Sad  on  VII ) 


Equation*  (3)  and  <4)  from  Rafaranca  (a)  hava  a  stafad  tamparatura  ing*  o»  300*  to  aoOtTR  Howavar  tha 
affacta  of  Oaaaaociaton  ara  not  batavad  to  ba  .nciudad  m  tha  aquation* 


GENEG-A  Program  for  Calculating  Oaaign  and  Off-Daaign  Patformanca  lor  Turt>o*at  and  TurtJofan 
Engaiaa.  NASA  -  Lawn  Raaaarch  Can  tar  Oocumant  Numbar  TND-S552  Fabruary  1972 
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D  The  model  configurations  tested  end  the  data  recorded  during  those  test  runs  are  shown  in 
Table  3  Each  test  condition  was  set  up  as  near  the  desired  nozzle  pressure  and  exhaust  temperature  as  was 
practical  A  period  of  time  tor  thermal  stabilization  was  allowed  at  each  power  setting  poor  to  recordng  data. 
Measurements  were  recorded  tor  all  instrumentation  within  each  data  column  checked  tor  each  configuration 

c.  T adulations  of  the  standard  environmental  and  how  condition  data  were  recorded  tor  each  test 
condition,  as  well  as  model  configuration  identifying  information  AN  static  pressure  probes,  metal  surface 
temperature  thermocouples,  and  Coanda  exit  rake  total  pressure  and  temperature  probes  were  assigned 
identification  coding  The  measured  data  were  recorded  *1  tabular  form  tor  each  test  condition  m  the  units 
specified  by  the  instrumentation  requirements 

d  Total  secondary  air  inlet  airflow  was  obtained  by  calculating  and  summing  the  airflow  through 
each  channel  Cross  sectional  area  tor  each  channel  at  the  probe  location  was  determined  by  the  channel 
width  and  increment  between  probe  movements  A  discharge  coefficient  tor  the  secondary  air  inlet  bekmouth 
of  0  96  was  used  m  the  airflow  calculation 

e  Exit  rake  total  temperature  and  total  pressure  data  were  used  to  calculate  Mach  number  wid 
velocity  of  flow  at  each  probe  location  These  data  were  tabulated  and  the  velocity  profiles  computer  plotted 

f  Acoustic  data  reduction  included  conversion  of  the  24  one- third  octave  band  model  scale 
measured  data  to  fun-scale  equivalent  frequencies,  indudmg  conversion  to  standard  day  conditions  and 
application  of  absorption  coefficients  tor  the  model  scale  frequences  and  distance  The  data  were  tabulated 
*i  one-third  and  full  octave  band  SPL  as  well  as  computed  OASPl  and  A  weighted  SPL  The  one-third 
octave  SPL  values  were  computer  plotted 
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CONFIGURATIONS  A  OATA  REQUIREMENTS 
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III.  TEST  RESULTS 

The  pertinent  results  ol  the  testing  previously  outlined  are  discussed  in  the  following  paragraphs 
A.  Aerothermodynamics 

1  The  calculation  procedure  described  m  VII  B  above  was  used  to  calculate  the  exhaust  gas 
temperature  for  each  vahd  data  run  based  on  the  pressure  ratio  and  fuel  flow  values  recorded  The  resulting 
exit  temperatures  are  listed  in  Table  4  The  average  exhaust  temperature  of  355 1"R  was  deemed  adequate 
although  it  was  about  80  degrees  below  the  target  temperature  of  3630* R 

2  Figure  38  compares  the  measured  secondary  inlet  pressure  loss  with  the  predated  loss  calculated 
from  boundary  layer  solutions  for  the  inlet  flow  The  secondary  airflow  rate  was  calculated  from  the  inlet  rake 
static  pressure  measurements  taken  m  the  constant  area  section  of  the  inlet  flow  passages  The  rake  was 
positioned  on  the  miet  centerline  for  Runs  26  48  and  48  The  rake  was  located  in  tour  different  positions  for 
Runs  27  through  30  and  51  through  54  to  measure  miet  flow  profiles  for  each  position  The  resulting  area 
weighted  flow  rates  were  summed  to  obtain  an  estimate  of  the  total  secondary  air  miet  flow  rate 

3  T able  5  presents  secondary  a*  entrainment  data  including  a  breakdown  ot  entrainment  by  individual 
components  The  entnunments  at  the  etector  inlets  (Wei.  W e2.  W*3(  are  calculated  values  obtamed  with 
Boeing  computer  codings  These  values  could  not  be  accurately  measured  without  costly  additional 
instrumentation  The  total  secondary  air  entrainment  at  the  second  and  third  electors  and  the  Coenda  surface 
is  a  value  measured  at  the  secondary  air  miet  (Ws)  The  total  system  entrainment  would  include  the  calculated 
flrst  etector  entramment  and  the  measured  miet  airflow  (W«j  ♦  W#)  The  Coenda  surface  secondary  air 
entrainment  (Wes)  4  the  measured  miet  secondary  airflow  (Ws>  minus  the  calculated  second  and  third  erector 
entramment  |W*2  *  We3)  The  Coenda  surface  entramment  coefficient  (a),  shown  as  Equation  (6).  is  the 
ratio  of  Coenda  surface  secondary  air  entramment  to  the  total  airflow  entenng  the  Coenda  surface  (W^) 


Wq 

W,  _  (W#2  <■  We3  ) 

(6) 

^cp 

^jet  -  ^et  ♦  ^e2  *  ^03 

4  Figure  39  gives  surface  temperatures  and  pressures  along  the  centerline  of  the  Coanda  surface  at 
the  locations  shown  on  Figure  28  without  the  acoustic  enclosure  The  static  pressure  data  indicate  good  flow 
attachment  through  the  length  of  the  surface  The  surface  temperature  data  indicate  a  peak  temperature  of 
i628*R  (t  168"R  which  exceeds  the  design  goal  by  168  degrees 

5  Figures  40  through  43  present  Coanda  surface  temperatures  and  pressures  along  the  centerline  ai 
the  locations  shown  on  Figure  28  for  configurations  with  the  enclosure  These  data  show  that  the  stack 
configuration  had  little  effect  on  the  Coanda  surface  pressures  and  temperatures  which  indicate,  m  turn,  a 
negligible  effect  on  Coanda  flow  attachment  and  mixing  However  when  these  data  are  compared  to  Figure 
39  it  is  apparent  that  the  presence  of  the  enclosure  is  beneficial  to  Coanda  surface  coohng  With  the 
enclosure  the  peak  surface  temperature  was  isfli'R  (1021*F)  which  is  147  degrees  cooler  than  without  the 
enclosure  The  reason  for  the  increased  cooling  is  the  position  of  the  secondary  air  inlets  The  etectors  and 
Coanda  surface  are  immersed  m  the  cool  secondary  air  bemg  entrained  by  the  Coanda  surface  mixing 
Efforts  to  normalize  the  Coenda  surface  temperatures  by  refemng  to  ambient  or  primary  iet  temperature  were 
abandoned  because  (he  mixing  process  precludes  agreement  throughout  the  temperature  range  Actual 
measured  surface  temperatures  are  therefore  presented  on  Figures  39  through  43 

6  Figure  44  shows  the  flow  conditions  at  the  exit  of  the  Coanda  surface  with  no  enclosure  present  as 
illustrated  on  Figure  29  Theee  flow  velocity  Mach  number  and  exit  total  temperature  profiles  mocete 
excellent  flow  attachment  to  the  Coanda  surface  at  the  exit  (85-degree)  poeitton  The  peek  flow  velocity  it 
seer,  to  be  only  five  inches  (model  scale)  from  the  Coenda  surface  Coenda  surface  coohng  is  also  excellent 
as  seen  by  the  peek  flow  total  temperature  of  1 750*F  at  approximately  two  inches  from  the  Coanda  surface 
while  the  mefal  surface  temperature  of  the  Coenda  at  that  pomt  was  only  f425’R  (average  from  leaf 
thermocouple  -  see  Figure  39) 
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FIGURE  M:  SECONDARY  AIR  INLET  PRESSURE  LOSS  YS.  INLET  AIRFLOW 
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TABLE  S 

SECONDARY  AIRFLOW  ENTRAINMENT 


A/B  Nozzle 
Maas  Flow 

O** 

(Lbs,  Sec) 

Secondary 

Inlet 

Airflow 

8-3*. 

(Lbs;  Sec) 

1st  E  factor 

Secondary 

Entrainment 

W*1 

(Lb*/ Sec) 

2nd  A  3rd 

Elector 

Entrainment 

**2  ♦  "*3 

(Lbs/ Sec) 

M 

Coanda 

Secondary 

Entrainment 

^ca 

(Lb*/ Sec) 

Coanda 

Entrainment 

Coafflctont 

^ca/^cp 

MocM 

Configuration 

26 

Short  stack  with 
single  splitter 

7.41 

20.96 

2.35 

1.51 

11.27 

19.46 

1.73 

27-30 

Short  stack  with 
single  splitter 

*7.33 

19.97 

2.32 

1.50 

11.15 

18.47 

1.66 

46 

Tall  stack  without 
splitter 

7.45 

17.87 

2.34 

1.51 

11.30 

16.36 

1.45 

D 

Ofion  buck  wfnv 

out  splitter 

TO 

16.56 

2.35 

1.53 

11.32 

15.03 

1.33 

81-54 

Short  stack  with 
dual  wedges 

*7.42 

17.65 

2.33 

1.52 

11.27 

16.13 

1.46 

■3f  Average  valuee  for  the  run  number*  shown 
Burner  Inlet  airflow  plus  fuel  flow 
Referred  to  standard  day  conditions  (WV?^  /  J,) 


P ,/P,  Coanda  Surtaca  Tamparatura 
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FIGURE  40:  COANOA  SURFACE  PRESSURES  ANO  TEMPERATURES  -  SHORT  EXHAUST  STACK 
WITH  SINGLE  SPLITTER  CONFIGURATION 
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7  Figures  45  through  47  presant  exhaust  stack  exit  flow  velocity  Mach  numoat  and  temperature  profiles  for 
each  o<  the  three  short  stack  configurations  tested  (Single  splitter  dual  splitter  and  dual  wedges)  Ail  three 
configurations  illustrated  a  region  of  reverse  flow  (shown  Oy  negative  velocities)  near  the  forward  wall  of  the 
exhaust  stack  This  is  caused  Oy  the  55-degree  exit  from  the  Coanda  surface  into  a  vertical  1 90-degree )  exhaust 
stack  The  velocity  m  these  reverse  flow  regions  was  estimated  using  the  pressure  reading  from  the  exit  total 
pressure  rake  as  a  static  pressure  and  ambient  pressure  as  the  total  pressure  This  procedure  was  used  when  rake 
pressure  measurements  were  below  ambient  which  indicates  local  reverse  flow  Use  of  these  rake  pressure 
readings  as  static  pressures  >s  an  acceptable  procedure  due  to  the  low  velocities  si  the  reverse  flow  regions 


8  T abies  6  and  7  list  the  ejector  surface  temperatures  along  the  top  and  side  centerlines,  respectively,  for  the 
venous  model  configurations  The  locations  of  these  thermocouples  were  shown  on  Figure  28  The  values  shown 
are  averages  for  ail  test  runs  of  that  particular  configuration  along  with  the  maximum  and  mmimum  deviation  from 
that  average  The  ambient  and  afterburning  nozzle  temperatures  are  aieo  presented  in  general,  there  «  no 
significant  crianga  m  ejector  surface  temperatures  due  to  changes  m  stack  configuration  or  removal  of  the  acoustic 
cover  from  the  seconoary  an  diet  There  is  a  significant  change  in  ejector  surface  temperatures,  however  between 
the  configurabon  without  an  enclosure  and  those  that  are  enclosed  The  reduced  ejector  temperatures  with  the 
enclosure  present  are  due  to  the  secondary  a *  mief  position  iust  as  was  discussed  earlier  for  the  Coanda  surface 
temperatures  With  the  enclosure  installed  the  maximum  average  temperature  was  at  the  exit  of  the  first  ejector 
and  was  986*F  which  «  below  the  design  goal  of  tOOO'F 

9  Tables  8  through  it  hat  the  exhaust  muffler  internal  surface  temperatures  tor  the  various  model 
configurations  at  afterburning  pnmary  nozzle  conditions  The  Vocation  of  the  thermocouples  where  the 
measurements  were  taken  was  shown  on  Figures  31  32  and  33  The  values  Mated  are  averages  of  all  test  runs  of 
that  particular  configuration  Also  listed  are  the  maximum  and  minimum  deviations  from  that  average  The  large 
deviations  shown  are  not  the  result  of  poor  instrumentation  but  rather  from  the  large  fluctuations  withm  the  exhaust 
stack  due  to  turbulent  flow  These  data  nocate  that  Coanda  surface  mixing  has  to  be  improved  before  a 
configuration  with  sputters  could  be  used  The  single  spatter  had  local  areas  that  reached  t295'F  average 
temperature  wh4e  the  dual  soatter  configuration  reached  1 370*F  These  temperatures  exceed  the  tOOO*F  design 
goal  by  too  much  to  ensure  expected  ale  cycles  The  dual  wedge  configuration  did  not  demonstrate  any  such  high 
temperature  regwns  because  there  were  no  components  immersed  directly  m  the  hottest  portion  of  the  exhaust 
flow  This  was  also  true  for  the  tall  stack  configuration  which  had  no  spatters  or  wedges 


B.  Acoustics. 

1  The  use  of  models  for  acoustic  testing  will  gnre  wkcshoni  of  configuration  superiority  when  the  same 
acoustic  immg  design  <s  used  The  magnitude  of  the  attenuation  obtained  from  model  testing  may  not  be  attributed 
to  full-scale  hardware  since  the  krung  materials  were  not  physically  scaled  tor  example,  the  ratio  of  fiber  diameter  to 
wavelength  or  the  scaling  of  perforated  sheet  hole  diameter  and  thickness  Therefore  the  direct  comparison  of 
model  acoustic  results  to  toil-scale  criterion  must  not  be  interpreted  as  having  or  not  having  satisfied  a  particular 
toil- scale  criterion  smee  the  anmgs  were  not  and  posstofy  cannot  be  precisely  scaled  However  as  stated  above 
■nocations  can  be  gamed  as  to  which  configurations  are  superior  acoustics Ify  Full-scale  anmgs  must  than  be 
optimized  and  designed  to  provide  the  necessary  suppressor  n otse  reduction  to  satisfy  the  acoustic  criterion 


2  The  pnmary  acoustic  obtectiva  of  this  program  was  to  compare  (by  one-sixth  scale  model  tests)  several 
configurations  of  exhaust  muffler  tor  a  demountable  exhaust  suppressor  system  utilizing  the  Coanda  air-cooled 
concept  as  applied  to  a  Model  TF30-P-412  nozzle  at  afterburning  operation  Two  lining  thicknesses  of  stack  wall 
immg  were  tested  tor  relative  acoustic  performance  to  determine  the  additional  tow  frequency  attenuation  of  the 
Tucker  lining,  if  any  Four  different  short  stack  configurations  were  tested  to  establish  which  design  was  acoustically 
superior  These  consisted  of  no  sputter  single  sputter  dual  spatter  and  dual  wedge  short  stack  configurations  The 
test  results  were  compared  to  MllN-63' 558  Grade  II  criterion  on  a  250-toot  scale  radius 
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SIDE  CENTERLINE  EJECTOR  SURFACE  TEMPERATURES 
TEST  AVERAGE  TEMPERATURE  (  F)  WITH  MAXIMUM  A  NO  MINIMUM  DEVIATION 
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TABLE  B 

EXHAUST  MUFFLER  TEMPERATURES  -  +17 

SHORT  STACK  WITH  SINGLE  SPLITTER  CONFIGURATION  (T,  »  70_10  F) 


Thermocouple 
Number 
(See  Fig.  31) 


General  Location 

(See  Figure  31  tor  Exact  Location) 


Stack  Forward  Wall  -  Lower 


Stack  Forward  Wall  -  Upper 


Stack  Sidewall  -  Upper  Forward 


Stack  Sidewall  -  Upper  Aft 


Stack  Sidewall  -  Center 


Stack  Sidewall  -  Lower  Forward 


Stack  Sidewall  -  Lower  Aft 


Stack  Aft  Wall  -  Lower 


Stack  Aft  Wall  -  Upper 


Splitter  Leedlng  Edge  -  Forward 


Splitter  Leading  Edge  -  Center 


Splitter  Leedlng  Edge  -  Aft 


Splitter  Sidewall  -  Upper  Forward 


Splitter  Sidewall  -  Upper  Aft 


Splitter  Sidewall  -  Center 


Splitter  Sidewall  -  Lower  Forward 


J>P<intf  bKltWall  —  LOWtf  L9TT 


Enclosure  Floor  -  Aft 


Aft  Enclosure  Sidewall  -  Upper 


Aft  Enclosure  Sidewall  -  Lower 


Average  Measured 

Temperature  Wltti 
Maximum  and  Minimum 
Deviation  (*F) 


_ ♦  64 


♦  38 

we  .  42 


♦  37 
1034  -  51 
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TABLE  9 

EXHAUST  MUFFLER  TEMPERATURES  -  +10 

SHORT  STACK  WITH  DUAL  SPUTTER  CONFIGURATION  (T,  -  S4  _  #'F) 


Thermocouple 
Number 
(See  Fig.  33) 

General  Location 
(See  Figure  33  for  Exact  Location 

Average  Measured 
Temperature  With 
Maximum  and  Minimum 
Deviation  (*F) 

t8» 

Aft  Enclosure  Sidewall  -  Upper 

*”T2 

*to 

Aft  Encloeure  Sidewall  -  Lower 

*71 

Stack  Sidewall  -  Upper  Forward 

saa  *  41 

-  43 

*72 

Stack  Sidewall  -  Upper  Aft 

m-S  _  ' 

*73 

Stack  Sidewall  -  Center 

902  :S 

*74 

Stack  Sidewall  -  Lower  Forward 

,,0!S 

*75 

Stack  Sidewall  -  Lower  Aft 

722  *  18 
-  19 

*78 

Stack  Forward  Wall  -  Upper  Comer 

331  4  ^ 

-  31 

*77 

Stack  Aft  Wall  -  Upper  Center 

119  *  20 
-  17 

*78 

Stack  Forward  Wall  -  Lower  Comer 

517  ♦  40 
-  35 

*75 

Stack  Forward  Wall  -  Lower  Center 

519  *  27 
-  17 

*80 

Stack  Aft  Wall  -  Upper  Comer 

80S  4  46 

-  29 

*81 

Stack  Aft  Wall  -  Upper  Center 

,n-S 

T« 

Stack  Aft  Wall  -  Lower  Comer 

•:s 

*83 

Stack  Aft  Wall  -  Lower  Center 

aoa  ♦  82 

-  42 

*97- 

Wedge  Leading  Edge  -  Upper 

924  4 
-  32 

*98 

Wedge  Leading  Edge  -  Upper  Center 

840  4  67 
-  38 

*99 

Wedge  Leading  Edge  -  Lower  Center 

545  4  41 
-  43 

*100 

Wedge  Leading  Edge  -  Lower 

"*-S 

*101 

Wedge  Sidewall  -  Upper  Center 

"*:S 

102 


We dge  Sidewall  -  Lower  Center 


871 


♦  58 

-  59 
TIT 
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TABLE  11 

EXHAUST  MUFFLER  TEMPERATURES  - 
TALL  STACK  CONFIGURATION  (T.  -  82*F) 


Thermocouple 
NumMf 
(Sm  Fig.  31) 

General  Location 

(Sm  Figure  31  tor  Exact  Location) 

Average  Meaaured 

Temperature  With 
Maximum  and  Minimum 
Deviation  (*F) 

T23 

Forward  Stack  Wail  -  Lower  Section 

855 

T24 

Forward  Stack  Wail  -  Lower  Section 

958 

*25 

Stack  Sidewall  -  Lower  Section 

1058 

*28 

Stack  Sidewall  -  Lower  Section 

954 

T27 

Stack  Sidewall  -  Lower  Center 

118 

T“ 

Stack  Sidewall  -  Lower  Section 

1043 

*20 

Stack  Sidewall  -  Lower  Section 

841 

TJO 

Aft  Stack  Wall  -  Lower  Section 

151 

*31 

Aft  Stack  Wail  -  Lower  Center 

929 

T32 

Forward  Stack  Wail  -  Upper  Section 

484 

*33 

Forward  Stack  Wall  -  Upper  Section 

748 

*34 

Stack  Sidewall  -  Upper  Section 

577 

T35 

Stack  Sidewall  •  Upper  Section 

888 

T38 

Stack  Sidewall  -  Upper  Section 

952 

t37 

Stack  Sidewall  —  Upper  Section 

1028 

*38 

Aft  Stack  Wail  -  Upper  Section 

941 

T39 

Aft  Stack  Wail  -  Upper  Section 

1001 

*85 

Encioeure  Floor  -  Aft 

218 

*88 

.. 

Aft  Encioeure  Sidewall  -  Upper 

415 

*87 

Aft  Encioeure  Sidewall  -  Lower 

193 

Tm 

Forward  Encioeure  Sidewall 

94 

58 
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3  At  lined  surface  areas  consisted  of  JohnsManvme  Q las- Mat  1 200  matenai  covered  with  perforated 
sheet  of  45  percent  open  area  5  64-tncfi  diameter  notes  and  047-mcn  thickness  This  material  •  a  mechanically 
Ponded  glass  fiber  insulating  blanket  lor  use  to  1200*F  It  is  manufactured  entirely  of  long  textile  glass  fibers  and 
contains  no  Cinders  thereby  assuring  mechanical  mtegnty  during  extended  exposure  at  elevated  temperatures 

4  No  attempt  was  made  to  optimize  the  Hnmg  design  expenmentafy  to  obtasi  improved  acoustic 
performance  The  material  selected  was  based  on  temperature  requirements  and  lead  time  availabiWy  The 
acoustically  preferred  matenai  (>M  Cerate*)  had  a  lead  time  mcompaabie  with  the  test  schedule  It  is  anbapated 
that  the  Cerate*  would  perform  setter  than  the  Gias-Mat  1200  but  the  magnitude  of  improvement  a  uncertain 
without  testing 

5  The  knmg  material,  as  manufactured  and  delivered,  was  not  of  uniform  thickness  and  density 
Therefore,  the  matenai  for  each  acoustic  panel  was  weighed  and  an  average  density  calculated  The  Hnmg  matenai 
acoustic  properties  are  thus  given  si  terms  of  the  average  density  (pcf)  and  average  resistivity  (raylcm)  The 
resistivity  was  determined  by  flow  resistance  testing  and  defined  as  a  function  of  density  by 

R  -  .118  P2  75(rayt  cm) 
where  p  «  the  density  (pel) 

The  acoustic  panels  for  the  suppressor  components  had  me  properties  given  si  Table  12 


TABLE  12 

ACOUSTIC  PANEL  PROPERTIES 


■CSSfl 

Short  stack  wails  (1) 

2  75 

11.83 

1005 

Short  stack  wails  (2) 

4.13 

11.88 

99  33 

Tail  stack  extension  ( 1) 

2. 75 

11.44 

98  99 

Tall  stack  extension  (2) 

4.13 

11.79 

104.4 

Single  splitter 

2  75 

11.7 

102-2 

Ouai  splitter 

1  38 

11.28 

92.0 

Dual  wedge 

* 

10J8 

77.89 

EockMuct  bmek  will 

4.13 

12.18 

114.1 

Enclosure  lower  sidewalls 

4.13 

11.43 

95  4 

E55DE3 

94 

10.4ft 

74.9 

^See  Figure  19 

Note:  Lining  thicknesses  are  model  scale 
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TABLE  13 

ACOUSTIC  TEST  CONFIGURATION  SUMMARY 


Run  Number 

10 

26 

- 

32 

33 

36 

37 

36 

39 

40 

« 

- 

55 

» 

60 

61 

62 

3 

1. 

Modal  nozzle 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

a 

□ 

□ 

T 

Secondary  nr  cover 

L 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

3. 

Short  stack  (1) 

D 

□ 

□ 

□ 

□ 

□ 

□ 

4. 

Short  stack  (2) 

X 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

1 

Tall  stack  (t) 

□ 

□ 

X 

T 

Tall  stack  (2) 

c 

a 

□ 

~7~ 

Back  wall  lining 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

E3 

A 

Lower  well  lining 

□ 

_ 

□ 

□ 

□ 

□ 

a 

□ 

□ 

□ 

9. 

Single  splitter 

□ 

□ 

X 

□ 

□ 

X 

□ 

10. 

Dual  spllttar 

X 

X 

□ 

11. 

Dual  wedge 

X 

□ 

NotH: 


All  runs  had  burner  cover  except  Run  No.  10 


(1)  Denote*  2  75-rnch  lining  thteknees  (16  S-mch  full  scale) 

(2)  Oanotea  4.  1 3-mch  lining  thteknees  (24  A-tnch  full  acela) 

6  The  test  configurations  that  produced  wgn.f»c*nt  acoustic  results  ara  defined  n  Table  13  Thee* 
configurations  represant  a  parametric  variation  ot  suppressor  aiamants  to  detemwie  which  combmaeon  produced 
the  pest  noise  suppression  usng  the  bnmg  design  discussed  above  Th*  short  stack  ifu«-scai*  30-toot  height)  and 
tan  stack  [fun -scat*  54- toot  height)  utikzad  two  bnrng  thicknesses  2  75nnch  and  4  1 3-eich  modal  scale  (16  5-etch 
and  24  6-etch)  hjM  scale,  respectively)  The  acoustic  effectiveness  of  each  hnetg  element  was  datarmetad  by 
tasting  with  hard  wans  substituted  for  the  brtetgs 

7  The  wails  of  th*  suppressor  were  sandbagged  (Figures  26  and  27)  to  prevent  sound  transneasext 
through  th*  wans  from  estabbshetg  the  acoustic  noise  floor  lor  th*  suppressor  system  An  acousacaty  treated 
burner  cover  (Figures  23.  24  and  25)  was  placed  around  the  primary  burner  and  afterburner  section  to  sbmuiai*  th* 
engme  test  c*«  Th*  sandbagged  watts  and  the  burner  cover  permitted  the  acoustic  evaluation  of  th*  secondary  mt 
•mat  and  exhaust  stack  without  sigrvftcant  noise  contribution  from  the  waits  and  simulated  engma  enclosure  This 
condition  was  vended  experimentally 

8  Th*  one-sixth  scale  modal  sound  pressure  levels  were  measured  at  ground  level  on  a  41  67-loot 
radius  (250-toot  tua  scale)  at  1 5-degree  intervals  from  1 5  degrees  to  180  degrees  The  atmospheric  absorption  was 
removed  from  th*  third  octave  band  modal  scale  data,  th*  frequencies  translated  to  full  scale  and  th*  standard  day 
(77*F  and  70  percent  relative  humidity)  atmoeohenc  corrections  applied  to  obtain  the  full-scale  250-toot  data  Th* 
thud  octave  band  data  war*  converted  to  fua  octaves  so  that  direct  companaon  could  b*  mad*  to  the  Grad*  it 
criterion  of  MIL  N-63 1558 
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The  Grade  II  criterion  applies  to  ■  microphone  height  ot  five  feel  above  the  ground  plane  Sound  pressure 
revets  measured  near  the  ground  plane  «nu  not  exhibit  the  amplitude  interference  produced  at  the  five-foot 
microphone  by  acoustic  path  length  differences  between  the  direct  and  ground  plane  reflected  signals 
Therefore  the  ground  plane  acoustic  data  presented  here  will  be  conservatively  high  A  theoretical  estimate 
of  the  magnitude  that  the  ground  plane  microphone  exceeds  that  of  a  five-foot  high  microphone  for  source 
heights  of  30  feet  and  54  feet  (exit  of  short  and  tall  stacks)  at  a  horizontal  distance  of  250  feet  *  shown  on 
Figure  46  These  corrections  should  be  subtracted  from  the  ground  plane  measured  data  for  a  more  accurate 
comparison  to  the  MIL  N-831S58  Grade  II  criterion 

The  far  field  data  are  presented  m  four  sets  so  that  direct  comparisons  can  be  made  to  determine  the  relative 
acoustic  effloenoes  between  configurations  The  baseline  data  for  the  TF30-P4I2  model  nozzle  at 
afterburner  condition  and  the  MlL-N-631558  Grade  II  far  field  criterion  are  represented  on  each  data  set  for 
the  12  angles  between  IS  degrees  end  160  degrees 

The  first  data  set.  Figures  *9  to  5i  determines  the  knwig  efficiencies  for  the  short  single  spatter  stack 
configurations  with  the  2  75-wic h  wan  lining  Refer  to  Table  13  tor  the  exec!  configuration  definition  Theee 
comparison*  show  the  sftectrvity  of  the  hned  stecx  welts  and  the  kned  spatter  relative  to  thee  herd  well 
counterpans  The  data  mckcate  that  the  suppressor  refracted  the  sound  raOanon  producing  levels  fag her 
then  the  oeseane  at  several  angular  locations  This  set  of  data  shows  that  significant  attenuation  (10  to  15  db 
in  the  midfrequency  range)  can  be  obtained  with  a  single  spatter  short  stack  using  the  krang  design  dwcusaed 
previously  The  overall  A  weighted  sound  pressurs  level  (OA  dBA)  is  also  given  for  each  configuration 

The  second  data  set  Figures  52  to  54  comperes  the  performance  of  the  tea  stack  configurations  utikzing 
2  T 5-men  and  4  13- men  waft  twangs  and  with  and  without  the  secondary  sir  miet  cover  The  effectiveness  of 
the  wal  krang  was  determined  relative  to  the  hard  wail  configuration  The  companaons  show  that  the 
4  1 3-mch  knwig  does  not  produce  sigraficenfly  higher  stlenueoons  then  the  2  75-«Ch  twang  and  therefore  for 
this  twang  design  the  thinner  krang  was  as  affectiv#  The  configurations  with  and  without  the  secondary  aw 
vast  cover  noacate  that  the  aw  >met  dto  not  contribute  significantly  to  the  far  fletd  levels  Therefore  the  far  field 
levels  are  determined  ov  the  no«se  'ackated  from  the  exhaust  stack,  smee  the  noise  'soeted  from  the 
sandbagged  suppressor  waus  was  n  signet  team 

The  third  data  set  Figures  55  to  57.  comperes  the  configurations  that  show  the  transition  from  the  30-loot  (no 
Spaneri  to  the  54-loot  full- scale  stack  neight  OngwiaWy.  two  Vik- scale  stack  n eights  were  selected  to  be 
tested  a  30-foot  stack  with  one  or  two  spatters  end  a  40-foot  stack  without  spatters  The  30-loot  stack  single 
sputter  divided  the  flow  area  mo  two  passages  with  40-wtch  tus- scale  duct  heights  The  proposed  40-foot 
stack  was  to  have  the  same  flow  area  To  prevent  the  net  essity  ot  modtfywig  the  structure  of  the  model  at  the 
stack  location,  the  length  of  the  short  stack  was  extended  to  a  height  of  45  feet  (fuS-eceie)  which  results  m  an 
equivalent  length  to  duct  height  ratio  to  that  of  the  proposed  40-loot  stack  Therefore  the  54-loot  end  40-loot 
stack  wi«  provide  sunder  acoustic  attenuation  however  the  1 4-tool  increase  m  stack  height  will  result  wi  tower 
evets  on  the  ground  plane  at  the  250-toot  full- scale  radius  due  to  the  directivity  of  the  stack  Aseumng  •  linear 
reiationsfwp  between  the  stack  height  and  dwectrvtfy  effect  the  amount  to  be  added  to  the  measured  54-toot 
stack  data  to  oOtawi  the  approximate  40-toot  stack  wveta  can  be  obtained  Thus  comparing  Runs  40  and  41 
tor  the  30-foot  and  54  toot  hard  waN  stacks  and  adding  14  24  of  the  (Utterance  to  the  levels  tor  the  uned  54-toot 
stack  date  witi  give  the  approxwnete  levels  tor  the  40- toot  kned  stack  This  computation  was  not  appaad  to  the 
date  smee  the  important  feature  of  the  companaons  s  the  relative  performance  of  the  different  configurations 
The  spectrum  drfferences  between  the  hard  weft  and  kned  configurations  tor  the  two  stack  heights  grve  the 
respective  knwig  attenuations 

The  fourth  date  set.  Figures  56  through  80  compares  those  short  stack  configurations  that  utilize  either 
soktters  or  wedges  The  wedges  were  tested  to  determine  thaw  tow  frequency  eft  activity  The  comparisons 
show  that  they  provide  more  attenuation  at  the  tow  frequencies  ibetow  500  Hz)  but  less  at  the  rwgh 
frequencies  then  the  duet  spatter  configuration 
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Symbol  Run 

18* 

30* 

J4_ 

-  -  - 

90  00 

90  00 

90.00 

90.00 

□  10 

104.46 

100.00 

110.50 

114.39 

Q  20 

97.05 

90.21 

97.57 

90.77 

A  31 

100.23 

94.00 

94.04 

90.29 

♦  33 

99.03 

94.70 

90.50 

90.54 

X  30 

97.49 

94.90 

90.24 

99.04 

<0  39 

101.71 

101.30 

104J7 

107  91 
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Far  FMd  Crttana  IML  N431S5B  Grada  H 

Baaallna.  TF-30-P-41 2  ARarbumar  Nozzta 

Total  Stack  Unad  W/O  Inlat  Covar 

Total  Stack  Unad  W/lniat  Cowar 

Total  Stack  Unad.  Hard  Back  Wall 

Hard  Wall  SpMttar.  Stack  Walla  *  Back  Wall  Unad 

Total  Hard  Wall  Stack.  Unad  Back  Wall 


Irrxx  i| 


FIGURE  49:  FAR  FIELD  ACOUSTIC  DATA  -  IS*.  30*.  45'  ANO  6 O'  POSITIONS  -  SHORT 
EXHAUST  STACK  WITH  SINGLE  SPUTTER  CONFIGURATION 


OG  OXO 


tv  w  iQ6*~  tar 

90.00  90.00  90.00  90  00 

116.49  120.56  124.72  133.06 
99.06  96.13  102.63  101.90 
97.46  100.40  102.26  102.15 
100.26  99.99  103.70  103.35 
100.99  101.12  106.15  104.25 
109.31  110.60  111.96  110.97 


mi 

OA  DBA 
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Sm  Tab*#  3) 


Run  iw  is<r  iey  ixr 

90  00  90.00  90.00  90.00 

10  129.74  122.47  109.71  99.71 

29  101.48  103.82  104.47  102.59 

31  102.71  103.39  109.02  103.09 

33  104.09  104.72  108.99  104.10 

39  108.18  100.18  107.29  108J8 

39  112.18  112.73  113.31  111J7 
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Symbol 

Run 

15* 

OA  DBA 

30* 

45* 

80* 

•  — 

aa 

90.00 

90.00 

90.00 

90.00 

□ 

10 

104.46 

106.06 

110.50 

114.39 

O 

36 

97.33 

92.11 

89.89 

89.39 

A 

37 

96.96 

91.45 

90.46 

89.86 

♦ 

41 

102.99 

101.35 

102.43 

102.75 

X 

45 

97.76 

94.03 

91.22 

99.32 

o 

46 

97.75 

92.57 

89.68 

89.90 

<■ 

-  , 

MHMlnt 

-  Mas 

4  ■ 

*.  •  HM  >>  • 

<  M 

Identification  (S—  Table  3) 

Far  FMd  Criteria  NML-N-63155B  Orada  N 
Baaellne.  TF-30-P-412  AftartMimar  Hozzta 
M  Ft  Total  Stack  Unad  W/16.5-4n.  Wall  Unlog 
54  Ft  Total  Stack  Unad  W/0  Mat  Covar 
54  Ft  Total  Hard  Wall  Stack 
54  Ft  Total  Stack  Unad  W/24.8  In.  Wall  Untng 
Run  45  W/O  Mat  Covar 


*.«  naan*  M  •  <  W* 


» 

\ 


Han  'n>  .  mm  • 
tl<H»ia  .  im 


FIGURE  52:  FAR  FI ELD  ACOUSTIC  DATA  -  IS*.  30*.  48*  A  NO  50*  POSITIONS 
TALL  EXHAUST  STACK  WITHOUT  SINGLE  SPUTTER  CONFIGURATION 
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FIGURE  S3:  FAR  FIELD  ACOUSTIC  DATA  -  79*.  90*  10S*  AND  1XT  POSTTIOM 
TALL  EXHAUST  STACK  WITHOUT  SINGLE  SPUTTER  CONFIGURATION 
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OA  DBA 


Symbol 

Run 

135* 

190* 

1*5* 

100* 

idantHteaBon  (Saa  TaMa  3) 

•  « 

90.00 

90.00 

90.00 

90.00 

Far  FMd  Criteria  ML-N-03156S  Grab#  N 

□ 

10 

12S.74 

122.47 

100.71 

98.71 

Baaallna.  TF-30-P-412  Aftarbumar  NozzH 

O 

38 

90.17 

90.41 

80.47 

90.02 

54  Ft  Total  Stack  Unad  W/ 16. 5-In.  Wall  Lining 

A 

37 

90.40 

89.64 

80.36 

80.79 

54  Ft  Total  Stack  Unad  W/O  imat  Covar 

♦ 

41 

103.00 

101.70 

101.05 

101.23 

54  Ft  Total  Hard  Wall  Stack 

X 

45 

91.11 

80.83 

80.15 

90.33 

54  Ft  Total  Stack  Unad  W/24J  In.  Wall  Lining 

o 

46 

90.25 

90.03 

90.11 

80.40 

Run  45  W/O  imat  Covar 

% 


FIGURE  54:  FAR  FWLD  ACOUSTIC  OATA  -  138".  ISO*.  1*8*  and  180*  POSITIONS  -  TALL  EXHAUST 

STACK  WITHOUT  SPUTTER  CONFIGURATION 
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Symbol  Run  y 


106.04  110.90 

98.91  96.73 

92.11  90.69 

91.48  90.46 

101-27  104.30 


FIGURE  95:  FAR  FIELD  ACOUSTICAL  OATA  -  15".  30*.  48*  AND  9 O'  POSITIONS 
EFFECTS  OF  STACK  HEIGHT  A  NO  LINING  THICKNESS 
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OA  DBA 


Symbol 

Run 

75* 

90* 

106* 

120* 

«  - 

— 

90.00 

90.00 

_ 

90.00 

□ 

10 

116.49 

120.56 

124.73 

133.06 

O 

32 

99.68 

1631 

102.85 

103.02 

A 

36 

69.73 

67.77 

90.01 

90.58 

•f 

37 

90.14 

90.31 

90.50 

90.45 

X 

40 

107.67 

106.14 

110.10 

110.96 

o 

41 

104.13 

103.69 

104.29 

10441 

♦ 

44 

99.70 

101.07 

103.30 

103.34 

X 

45 

90.54 

90.29 

91.46 

90.46 

Idantfflcatioo  (8—  Tab**  3) 

Far  Ratd  Crttarta  WL-H-43156B  Grada  H 
Baaartna.  TF-30-P-412  Aftartoumar  Nozzia 
30  Ft  Total  Stack  Unad  W/ 16.5-In.  Wall  Lining 
54  Ft  Total  Stack  Unad  W/16.5-W  Wall  Lining 
54  Ft  Total  Stack  Unad.  W/O  Iniat  Covar 
30  Ft  Hard  Wall  Stack 
54  Ft  Total  Hard  WaH  Stack 
30  Ft  Total  Stack  Unad  W/24.8  In.  Wall  Lining 
54  Ft.  Total  Stack  Unad  W/24J  In.  Wall  Lining 


FIGURE  50:  FAR  FIELD  ACOUSTICAL  DATA  -  78*.  80*.  108*  AND  120*  POSITIONS  - 
EFFECTS  OF  STACK  HEIGHT  A  NO  LINING  THICKNESS 
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FIGURE  57:  FAR  FIELD  ACOUSTICAL  DATA  -  US*.  ISO*.  W  AND  ISO*  POSITIONS 
EFFECTS  OF  STACK  HEIGHT  AND  UMNO  THICKNESS 
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OA  DBA 


Symbol  Run 


IdantMcatton  (Sm  TaM*  i 


-  - 

- 

90.00 

90.00 

90.00 

Far  Flak)  Criteria  NNL-M-931988  Grad#  N 

□ 

10 

129.74 

122.47 

109.71 

96.71 

Baaatlna.  TF-30-P-412  Afterbu mar  Noxzte 

o 

32 

104.04 

106.00 

107.11 

107.07 

30  FL  Total  Stack  Unad  W/16.9 4n.  Wall  Lining 

A 

36 

90.17 

99.41 

99.47 

90.02 

94  FL  Total  Stack  Unad  W/16.S-tn.  Wall  Uning 

+ 

37 

90.40 

69.64 

99  .36 

99.79 

54  FL  Total  Stack  Unad.  W/O  Intel  Covar 

X 

40 

110.29 

112.16 

113.73 

112.94 

30  FL  Hard  Wall  Stack 

<3 

41 

103.00 

101.70 

101.69 

101.23 

54  FL  Total  Hard  Wall  Stack 

♦ 

44 

109.09 

106.24 

109.02 

108.36 

30  FL  Total  Stack  Unad  W/24.9  In.  Wall  Lining 

X 

45 

91.11 

89.83 

99.19 

90.33 

54  FL  Total  Stack  Unad  W/24J  In.  Wall  Uning 

Symbol  Run 


90.00 

108.00 

97.34 

98.50 

94.99 

94.95 

96.83 

106.94 

105.64 


90.00 

114.39 

94.07 

97.31 

97.90 

97.81 

96.67 

106.72 

109.64 


W/O  Dual  Wadga  or  SpUttara 
Dual  Spiittar 
Slngta  SpHttar 

Dual  Spiittar  W/Hard  Lcwar  Walla 
Dual  Wadga.  Total  Hard  Wall 
Dual  Spiittar,  Total  Hard  Wall 
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FIGURE  H:  FAR  FIELD  ACOUSTIC  DATA  -  7S*.  9 O',  106  and  120  POSITIONS  -  COMPARISON 
OP  SINGLE  AMO  DUAL  SPUTTERS  AMD  ACOUSTIC  WEDGES 
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OA  DBA 


Symbol 

Run 

ias. 

is<r 

166* 

160 

idanttltcatton  (8m  Tabta  3) 

-  - 

— 

00.00 

90.00 

90.00 

90.00 

far  Flak*  Criteria  ML-N-631S6B  Grad#  H 

0 

10 

120.74 

122.47 

100.71 

90.71 

Hri— —  TF-30-P-412  Aftartoumar  Nozzi# 

© 

ss 

MM 

100.20 

104.19 

103.29 

Dual  Wadga 

A 

sa 

101.04 

102.14 

106.96 

106.01 

W/O  Dual  Wadga  or  Splitters 

♦ 

so 

101.64 

102.57 

106.41 

104.21 

Dual  Splitter 

X 

90 

100.60 

101.22 

104.30 

102.96 

Singla  Splitter 

SI 

101.74 

102.41 

103.71 

103.52 

Dual  Splitter  W/HarO  Lowar  Walla 

♦ 

92 

112.60 

112.60 

114.26 

114.30 

Dual  Wadga.  Total  Hard  Wall 

X 

n 

112.66 

113.20 

115.50 

11SJ3 

Dual  Splitter.  Total  Hard  Wall 

FKJURE  90.  PAR  FIELD  ACOUSTIC  DATA  -  135*.  ISO*.  1W  and  1*0-  POSITIONS  -  COMPARISON  Of 
SINGLE  A  NO  OUAL  SPUTTERS  AND  ACOUSTIC  WE  DOES 
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Th*  on/  field  data  are  presented  on  a  one-third  octava  band  basis  on  Figure  61  Th*  microphone  oca  non* 
and  identification  are  givan  on  Figura  31  Tha*a  data  ara  representative  ot  tha  sound  pressure  lavaw  that  exist 
interior  to  tha  suppressor  system  Thaaa  data  ara  from  Run  39  tor  tha  snort  single  apsttar  stack  configuration 
«nth  tha  stack  and  spstiar  wails  hard  Tha  affactrvtty  ot  tha  sacondary  u>  mat  smng  is  mckcatad  by  tha 
drftaranca  oarwaan  tha  lavats  ot  mtaophonas  U*  and  N6  Tha  acousbc  partormanca  ol  tha  sacondary  aw  mtat 
was  adaquata  ratativa  to  tha  padormanca  ot  tha  exhaust  suppressor  system  An  accurate  datarmmaton  ot 
tha  sound  racketed  trom  tha  sacondary  air  inlet  could  not  be  obtained  since  th*  noise  'ackatad  trom  th* 
exhaust  stack  exit  was  tha  dominant  nots*  source  ot  th*  suppressor  system 

Symbol  Microphone 


So*  Figure  31 
for  Location 
ol  Near  Field 
Microphones 


Run  No.  39  -  Tu-  -  3906  R.  NPR  -  1  95 


Frequency  -  Ham 


FtQURC  61:  NEAR  FIELD  ACOUSTIC  DATA  -  SHORT  EXHAUST  STACK  CONFIGURATION  WITH 

SINGLE  SPLITTER  -  ALL  HAROWALL  LINED 
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IV.  CONCLUSIONS 

Th«  conclusions  that  may  Da  drawn  from  hi*  sanas  ol  model  testa  ara 

•  Tha  65-degree  Coanda  Row  turning  was  sufficient  to  allow  tha  flow  to  exit  vertically  from  tha  stack 
without  datnmantat  impmgamant  of  tha  aft  stack  wal  Tha  acoustic  wadgas  saam  to  causa  mors 
attachment  to  tha  aft  stack  wall  than  tha  othar  configurations  For  that  configuration,  a  greats* 
tuning  angle  (I  a  .  73  dagraas)  would  causa  a  more  uniform  stack  flow  However,  tor  acoustic 
reasons  this  would  probably  'aquua  an  mcrsaae  m  stack  height 

•  Movement  of  the  secondary  sir  mists  to  above  tha  electors  and  Coanda  surface  proved 
advantages  because  of  tha  additional  cookng  provided  to  those  oomponents 

•  The  configuration  ubfczmg  acoustic  spatter  panels  m  tha  exhaust  muffler  is  not  acceptable  (as 
amenity  designed)  from  s  metal  surface  temperature  standpomt  The  tax  stack  without  aphttsrs 
and  tha  acoustic  wedge  configuration,  however  demonstrated  acceptable  exhaust  mufflsr 
surface  temperatures 

•  The  2  75-mcfi  stack  unrig  performed  comparable  to  the  4.1 3Hnchkrang  This  mtScaiee  that  these 
*n*ng  designs  have  thicknesses  such  that  lor  tha  frequsncy  rang#  tested,  the  surface  impedwice 
of  the  hnrngs  approximates  the  characteristic  impedance  of  the  material  U-M  Glass -Mat  1200) 
TNa  mckcates  a  poasOWfy  that  the  thickness  of  tha  modal  bnmg  could  bo  reduced  further 
Addrtwnai  testing  would  be  required  to  desermme  the  mmrmum  kmng  thickness 

•  The  tafl  (S4-ioof>  stack  was  the  superior  acoustic  configuration  tested 

•  The  best  short  stack  configurations,  from  the  acoustic  standpomt  were  the  dual  wedge  and  dual 
soaner  confer abons  The  superior  configuration  of  the  two  would  nave  to  be  decided  from  hai 
scale  optimisation  sfuckes 
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V.  RECOMMENDATIONS 

Th*  following  recommendations  arc  mada  Mssd  on  the  results  of  the  testing  described  in  mm  report  and  the 
pnmary  goals  o f  the  Navy  CoanOa  ground  noise  suppressor  program; 

•  Model  testing  should  Oe  accomplished  with  the  goal  of  improving  the  mixing  m  the  electors  and 
Coanda  Bow  turning  The  result  ot  unproved  mixing  would  be  lower  temperature  and  lower  velocity 
taw  through  the  exhaust  s  muffler  (stack)  so  that  configurations  with  sputters  could  be  ueed  This 
oouU  posatty  be  accomplished  by  widervng  the  electors  and  Coanda  surface  thereby  increasing 
the  ares  ol  flow  available  for  mixing,  reducing  the  height  ot  the  sheet  ot  hot  flow  entering  the 
Coanda  surface  which,  in  turn,  would  reduce  the  mixing  length 

•  The  recommended  production  configuration  consists  of  an  exhaust  stack  without  spatters  or 
wedges  and  with  a  flow  exit  area  equal  to  that  used  for  the  configurations  with  spatters  (6  67  feet 
wide  by  IB  67  feet  deep  wfsche  t3i  square  leetfiil  scale)  The  stack  height  above  ground  should 
be  at  (east  40  feet  with  the  capaortrty  of  adding  to  this  height  if  necessary  to  improve  acoustic 
suppression  The  exhaust  muffler  stack  walls  and  lower  enclosure  back  wad  should  be  aned  with  at 
east  35  percent  open  perforated  sheet  backed  by  18  inches  of  acoustic  treatment  ( Johns -Manvilte 
1000  senes  Spmgias  or  equivalent)  The  lower  enclosure  should  be  the  double,  isolated  was 
construct  ton  developed  previously  and  reported  si  Reference  3  The  secondary  mr  rusts  should 
be  placed  above  the  etectors  and  Coanda  surf  ace  as  m  the  model  tested  The  sector  aid  Coanda 
surface  configurations  shown  on  Figure  21  scaled  up  to  full  sue  (6  *  model)  should  be  used  This 
recommended  configuration  is  presented  m  more  detail  on  the  Reference  (f)  configuration  control 
drawings  supplied  lo  the  Navy 


Reference  (f)  Naval  kw  Engineering  Center  Drawing  690AS108  Drawing  Tree  -  Noise 
Suppressor  System  Coanda  Refraction 
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VII  UST  Of  ABBREVIATIONS.  ACRONYMS  ANO  SYMBOLS 

Elector  area  ratio  -  ratio  of  ejector  minimum  flow  area  to  pnmary  exhaust  nozzle  vn 

Specific  heat  of  water 

Fuel- to- air  ratio 

Total  enthalpy.  Mu/lb 

Total  enthalpy  tor  air.  Mu  lb 

Enthalpy  ot  incoming  fuel  laaaumeo  to  be  23  Mu  lb l 

Enthalpy  correction  factor  for  combustion  products.  Mu.  10 

Total  enthalpy  ot  afterburner  mlet  airflow  Mu  lb 

Total  enthalpy  M  afterburner  exhaust.  Mu/lb 

Lower  heating  value  ot  fuel.  18.400  Mu  lb 

Ambient  pressure,  psia 

Static  pressure,  psia 

Nome  pressure  ratio  -  exit  total  pressure  ambient 


Resistivity  rayt  cm 


- 1  7558886 


2  5020051  ■  10' 1 
-2  5768*4  «  10'5 
2  1839826  x  10  "  8 
-1  6794594  •  10~12 
-3  0258518  -  10~15 


1  270283  •  10‘ 


-2  0752522  ■  10-22 
1  28*425  x  10  " 28 
30  58153 

73818838  x  10'2 
6  129315  xIO'4 
-4  5908332  •  10" 7 


